BACKGROUND: A considerable amount of money is invested annually in workplaces to promote creative, comfortable and safe work environments. The processes and effects of these investments are however not sufficiently studied. OBJECTIVE: The objective of this article is to examine work environment investment processes and identify organizational critical elements for optimizing investment in terms of occupational health and safety effects for employees. METHODS: Twelve case studies were conducted in different sectors. The data was collected through interviews, by studying available documents, and, in several cases, observations and measurement of hazards by means of the PIMEX-method. RESULTS: The empirical results yielded seven different critical elements for work environment investment processes. The critical elements identified were: identifying the need, risk assessment, involvement of staff, consultation with OHS expertise, procurement and delivery, implementation and training of workers, and evaluation. CONCLUSIONS: The critical elements have wide similarities with steps outlined in Swedish Work Environment Management processes, and ideas described in the Plan-Do-Act-Check model. If organizations follow this process, they are provided with improved possibilities for maximizing invested money for a safer working environment.
Introduction
The global cost of work-related injury and illness is estimated at approximately 2 680 billion Euros [1] . Consequently, a considerable amount of money is invested annually in workplaces to help produce a creative, comfortable and safe work environment. The fact that these investments are wellmotivated, both from the perspective of the employee, as well as company owners and society at large, is widely agreed upon. Nonetheless, recent studies have shown that great potential exists in further optimizing work environment investments in terms of decreas-ing hazards and improving safety outcomes in the workplace [2] .
Plan-Do-Act-Check are the generally described basic steps when measures are needed in workplaces to improve the work situation. This complies with internationally implemented legislation on how to ensure a safe working environment. For example, in the European Union this is regulated in a directive [3] , which introduces as key elements the principle of risk management and defines its main elements. These steps are also an essential part in the World Health Organization (WHO) model for achieving healthy workplaces [4] . In this model, which consists of eight steps, the core principals are leadership engagement and workers' involvement [4] .
In Sweden, the minimum requirements specified at workplaces from a social perspective are con-trolled by law, and by provisions from the Swedish Work Environment Authority. The Swedish Work Environment regulation of Systematic Work Environment Management (SWEM) [5] stresses, among other things, that employers on a systematic basis are required to investigate, follow-up and take action to prevent accidents and illness among staff. This includes both psychological, social and physical aspects of the work environment [5] . The SWEM can be seen as a process where management and employees (or their representatives) in collaboration should examine the work environment, investigate incidents and accidents, conduct risk assessments, develop action plans and implement improvement measures, and evaluate the results in terms of risk elimination. The main aim of the SWEM process is to improve the work environment [5] . Annually, the Swedish Work Environment Authority have follow-up projects to examine how well SWEM is adhered to within different industries. Over the past two years, they have found that out of 1700 visited workplaces, more than half of the workplaces failed in their SWEM responsibility, while in a second study, it was found that eight out of ten of 2000 workplaces failed in their SWEM responsibility [6, 7] .
Moreover, according to Swedish regulations, an employer should consult external occupational health expertise if the competence is not available within the employer's own organization. If necessary, the employer should sign a contract with the Occupational Health Service (OHS) on preventive measures [5] . Since the beginning of 1990, the OHS competes with companies in the free market [8] , while in recent years, they have formed fewer and larger organizations [9] . However, these changes have not contributed to better marketing and collaboration with small enterprises [9] . Schmidt [10] stresses that it is not the size of the OHS service provider but rather the importance of a long-term relationship between the OHS service provider and the client company that provides access to, and the benefit of, the expertise that the OHS can offer.
Companies can apply different models, or be inspired by them, for their change processes. Ideally, these models describe important phases and critical elements in order to succeed with the change process at hand. Kotter [11, 12] , for instance, describes an organizational change model which includes the following eight steps: establishing a sense of urgency, creating a guiding coalition, developing a vision and strategy, communicating the vision of change, empowering broad-based action, generating short-term wins, consolidating gains and producing more change, and anchoring new approaches in the culture. Furthermore, Heracleous [13] has developed a five-step model, which includes situation analysis, policy and strategic formulation, consequences for organization, leadership of change, and monitoring and evaluation. He also points out the importance of change, work consisting of visible, active and clear leadership, participatory planning, and communication that supports understanding, and the development of knowledge and roles [14] .
Other types of models that are interesting to study in this context of work environment investments are organizational project models. A project is often defined as a task that is solved during a limited time period and by a defined team with specific resources [15, 16] . A project-based approach is a suitable way to organize when deciding and implementing organizational change, not least it makes it easier to overcome resistance [15] . However, it is important to apply the correct change model and change roles, in order to enable the project organization to focus on the organizational change process [17] . The intention with the project is defined by the goals, which normally are set by the project owner [15] . The boundaries are commonly defined by time limits, the project team, goals, and resources [16] . In fact, without the boundaries there is no clear difference between projects and the daily business of the organization [16] .
Pinto and Slevin [18] have detected ten key factors for a successful project, which, among other factors, are: project mission, project schedule/plan, personnel, monitoring and feedback. Other researchers also include these factors. Turner and Müller [15] , and Turner and Cochrane [19] , for instance, argue that clear goals and objectives are one of the main elements in controlling and managing projects. Goals also make it easier to start training before the project ends, and thus simplify transition to the daily business of the organization [20] . Moreover, good relations with the stakeholders and users, for instance, by letting them participate and contribute in the process will allow for smoother implementation [21] , as well as ensuring that the goals are reached [15] . Common for all these described models is that they address a change process, whereby the organization goes from one state of conditions to another, which, in turn, should improve the organization's effectiveness and competitiveness. When it comes to work environment changes and improvements, the focus is especially on creating healthier and safer workplaces. The aim of this article is to examine work Private company Equipment to minimize vibration environment investment processes and identify organizational critical elements for optimizing investment in terms of occupational health and safety effects for employees. In this article, the focus is on work environment investment that has already been made over the past couple of years.
Method and material
Twelve case studies were conducted at workplaces in Sweden where recent investments have been made to improve the working environment with different starting points and goals (see Table 1 ). In essence, the case studies have concentrated on various technical investments, which have focused on both musculoskeletal ergonomic risks and accidents, as well as chemical and physical hazards, such as exposure to air contaminants, noise and vibration. Hence, the work environment investments made vary, regarding the magnitude and costs for the organization. The average investment cost was approximately 30 000 Euros. The twelve cases (eight organizations) also differ in terms of number or employees in the organization, where one organization is a municipality finance department, five organizations can be categorized as small-sized enterprises, while two organizations are larger enterprises, as defined by the European Commission [22] .
The context under which the included organizations operate are, inter alia, the Swedish legalization concerning the Work Environment Act, which includes SWEM and other safety obligations for the prevention of accidents or illness at work [23] . Under this Act, management is required to cooperate with safety representatives, appointed by the unions or employees, in issues regarding safety and the work environment [23] .
The data in this study was collected from 2015-2017. The data collection is based on interviews, observations and measurement of hazards, conducted by means of the picture mixture exposure (PIMEX)-method, and by studying available documents. The use of several methods (and multiple cases) provided a richness of data for the study [24] . Different types of company documents were available in approximately half of the cases and included: risk assessments, protocols, procurement documents and reports. These documents covered additional information regarding decisions and work processes. Documents are useful because they can provide information and details of events [25] .
Semi-structured interviews were carried out with top management, managers, employees, and, sometimes, safety representatives, at each organization. The purpose of the interviews was to collect knowledge about the work process and the perceived outcomes of the investment made. The interviews followed an interview templet, highlighting areas, such as: background of the investment, motive for the investment, the decision-making process, the implementation phase, perceived outcomes and evaluation of the investment. Several questions, combined with follow-up questions, were asked to the respondents in each of these areas. The interview template was created after studying extent research and legal requirement dealing with OHS issues in Sweden, after thorough discussion within the research group, as well as with the advisory group in the project. In total, 43 interviews were carried out across eight organizations.
In each interview situation, at least two researchers participated, where one researcher asked the questions while the other took meticulous notes. In order to obtain an overview of the interviews, a table including background and key information was created [26] . The interviews were analyzed thematically by finding key patterns of perceived important phases or topics in the work environment investment process. The results of the interviews were discussed extensively within the research group and later on with the advisory group. The purpose of this was to ascertain the robustness of the result. The findings of this analysis process resulted in the seven critical organizational elements presented in this article.
To complement the interviews and collect information regarding the effects of investments, observations were carried out in applicable cases by means of measurement and real-time monitoring of hazards, combined with video filming, labeled as the picture mixture exposure (PIMEX)-method [27] . These applicable cases included investments aimed at decreasing workers' exposure to air containments, such as solvents, welding fumes and wood dust, or measures taken to reduce hand/arm vibrations. Altogether, the study using the PIMEX-method was carried out in eight of the twelve work environment investment cases. In essence, the method involves filming the employee conducting the work, and simultaneously measuring hazards in the breathing zone for air contaminants. Hand/arm vibration was monitored on the handle of the tools, and noise was measured with a microphone installed in the studied room. Thereafter, the equipment, system, or work process was adjusted, in order to remeasure air containments or other physical hazards, thus enabling the researchers to evaluate changes in exposure levels between the two work practices and provide the basis for risk communication [2, 27] . The PIMEX method was shown to be an effective method for illustrating risks and for changing the behavior of employees, enabling them to work more safely [28] .
Results
This section describes the empirical results from the twelve cases, in terms of how the organizations conducted the work environment investments, before, during and after the investment was made. The results follow the structure of the identified critical elements in the process, namely: identifying the need, risk assessment, involvement of staff, consultation with external experts, procurement and delivery, implementation and training of workers, and lastly, evaluation of the investment made. Table 2 illustrates actions taken in the different critical elements in the twelve studied cases.
Identify the need
All twelve cases identified a need for investment in the work environment, but this need arose in different ways and for different reasons, identified from different hierarchic levels in the organizations. In some cases, the need was identified by management, but in most cases it was identified by the employees working on the shop floor. When identified by management, the need was often due to regulatory standards and issues, or in connection with some other major planned change in the production line. On the other hand, in those cases where the need for improvement was identified by employees, it was often based on inadequately functioning of systems or work equipment. Here, the workers in their everyday practical work practice had experienced obstacles and, therefore, requested alternative solutions in order to be able to conduct the work task safely and effectively. The employees highlighted regular meetings as one suitable arena for identifying and discussing the need for improvement in the work environment, as well as a means for reaching consent with management regarding improvement measures.
Risk assessment
In the majority of the cases studied, legally required risk assessment had not been carried out before deciding on investing in the work environment. In two cases no risk assessment at all had been made. Eight cases had performed informal estimations of the risks, which were, however, considerably insufficient according to Swedish legal requirements. For instance, these informal estimations included identifying vulnerable employees to be prioritized when conducting the improvement measures in office settings, or using rather informal noise measurements. Only two cases had made stipulated reliable risk assessment by measuring levels of exposure (e.g. air containment risks) in industrial settings. In these two latter cases, occupational hygiene measurements showed values close to, or above, Swedish limit values. The reason for carrying out the risk assessment was primarily based on gathering facts and knowledge about the need and direction of the investment. The reasons why the other ten cases had not made legally required risk assessments vary, but include examples such as, economical limitations, and lack of knowledge and understanding among managers about the importance of risk assessments.
Involvement of staff
In seven of the twelve cases, the employees perceived that they had been involved in the investment processes of acquiring new equipment or systems. In general, the employee involvement centered around what type of new equipment should be acquired, as well as demands and specifications on the supplier and the new products. In several of these cases, the employees' opinions, knowledge and experience, were important before deciding on the type of new equipment or system to purchase. In the other five cases, on the contrary, the interviewed employees perceived that they had not been involved in the investment process, indicating that management had decided on the investment on their own without any integrative consultation with the staff. Reasons for the very low, or non-existing, employee involvement were primarily based on lack of knowledge, and leadership style and characteristics. However, managers and employees did not agree in all cases on the degree of actual employee involvement, where some managers stated that the employees had been involved in the process, while the employees claimed otherwise. One explanation for this was that the management had provided information on the Intranet, considering this as sufficient for employee involvement in the process, while the employees regarded this as inadequate.
Consultation with external OHS expertise
In four of the twelve cases, the management had contact with external expertise prior to the investment. In addition, two of the larger organizations had access to integrated OHS expertise, but only one of these organizations used the expertise during the process. Discussions were held with experts with different skills, and in one case, several different experts were involved in discussions. In the cases where OHS was contacted, safety engineers based their involvement in the investment discussions on risk assessments in the form of exposure measurements for noise, vibration and welding smoke, or from previous experience. In an organization where it was relevant to update employees' knowledge of good office work environment, the management contacted the OHS consultant and their ergonomist for the task. None of the experts had participated in any evaluation of the investment after the implementation.
Procurement and delivery
Variations between the twelve cases and how the procurement was achieved differ substantially. In three cases, procurement was carried out with manufacturers/consultants which the company already had supplier agreements with. In these cases, the companies requested solutions from the suppliers regarding improvements in the work environment. These were cases where office furniture and education were procured. In four cases, solutions and actual concepts were bought after being discovered at exhibitions, or through other connections, while in one case, the management trusted those who took part in the development of the equipment. Suppliers were contacted, based on previous work relations in two cases. These cases concerned accident prevention in metal processing, and welding extraction equipment at a private company. In two cases, two suppliers were invited to offer a tender for the job, and, on the basis of this, the company selected one of the suppliers. In another case, there were extensive procedures with clear requirements and the suppliers were invited to discuss, explain and justify their offer. The most common procurement specifications regarded capacity and dimensions of the invested equipment.
When necessary, the equipment was mounted by the supplier, which occurred in all cases, except for two. In one of these two cases, the equipment was simply delivered, and then the workstation was designed and built by the employees, whereas in the other case, the delivered equipment had to be mounted and adjusted to the existing machines and systems by the employees.
Notably, in one case, the installation was not ready after one year because the organization was still waiting for electricians to connect the control equipment and lights to the machines. The installation had, however, low priority for the organization.
Implementation and training of workers
Extensive training was given to the employees in one case, and minor training was given in five cases. Extensive training included a lecture for the staff by OHS experts. The lecture was then followed up in the office of each employee with personal instructions and training in ergonomics to ensure healthy work positions and conditions. The training was characterized by active participation among the staff. Minor training meant short information to the employees or managers about how the system technically functions. In one case, the managers assembled the employees to discuss and inform them how to manage and handle the new equipment.
However, in six cases, no training was given. One explanation for this was that the management did not think that there was any need for training, since they believed that the equipment was easy to use. In addition, in the vast majority of cases (eleven), there was no training in how to use the equipment in an optimal and efficient way to achieve a safe work environment.
In five of the eight workplaces where the PIMEX method was used, exposure to air contaminants and vibration could be drastically reduced when workers learned how to optimize the use of work environment investment by observing themselves in recorded occupational situations. Table 3 illustrates the potential decrease in exposure at the five different workplaces.
Regarding the other three cases where PIMEX was used, in two of these cases, there was no need for employee training in reducing exposure levels during the work process because the exposure levels already were very low, and in the third case, technical installations were required to reach a lower exposure level.
Evaluation of the investment
There was no formal evaluation of the investments from a working environment perspective carried out in any of the twelve cases after the installation and implementation, but, in one case, there was an evaluation of the function from a production perspective. In several cases, nonetheless, managers and employees stated that they perceived better health outcomes and less hazards in the work as a result of the investment. However, employees also reported shortcomings, such as black dust inside a welding helmet. Reasons for not performing any formal evaluations were primarily that management thought that the staff was satisfied and no evaluation was needed, as well as lack of time for conducting evaluations.
Discussion
This article has examined work environment investment processes, and identified organizational critical elements for succeeding with this process and optimizing investment in terms of occupational health and safety effects for employees. Seven critical organizational elements were identified, namely: identification of the need, risk assessment, involvement of staff, consultation with external expertise, procurement and delivery, implementation and training of workers, and lastly, evaluation of the investment. The twelve different work environment cases revealed different results regarding action taken and effectiveness in relation to these seven critical elements. However, the vast majority of the cases indicate a rather unstructured and reactive position regarding the process, which is remarkable, since a considerable amount of money was invested in each case.
Previous well-known organizational change theories and models [12, 13, [29] [30] [31] highlight different perspectives and important steps for management to consider when deciding and implementing organizational change processes. The model (i.e. critical elements) developed in this article is somewhat similar to some steps in previous organizational change models, but also differs substantially in several ways, not least since it focuses on a specific type of change process, namely work environment investment that is targeted to change and affects employees' work situation positively. Similarities with other change models are primarily connected to aspects, such as identifying the need for change, employee involvement, implementation and evaluation. Table 3 Illustrates the decrease in exposure at the different workplaces after PIMEX training The uniqueness of the present developed work environment investment model (critical elements) is the focus on the entire investment process for optimizing the effects, in terms of creating a safer work environment. As Rydell and Andersson [2] have shown, by following up three work environment investment cases, investments can be highly optimized through further decreasing hazards for workers. For optimizing the effects of the investments, Rydell and Andersson found that employee involvement, safety training, leadership engagement and follow-ups of the investment are important. However, our study reveals that it is not only these aspects that organizations should consider when starting and implementing the investment process. Many of the twelve cases indicate a lack of systematic approach in several important phases, for example, in risk assessment, consultation with external expertise, and procurement and evaluation phases. Indeed, if organizations act more thoughtfully and wisely during these phases, a better implementation of the investment can occur, which, in turn, can affect the safety outcomes positively.
Risk assessments are a fundamental part of a well-designed program for work environment improvements. Employers are also by law obliged to document such risk assessments [5] , but, as illustrated in this study, assessments are too often non-existent, or are of poor quality. This finding is in line with conclusions from the Swedish Work Environment Authority's yearly evaluation projects concerning the SWEM [6, 7] . Poor risk assessments can often be explained by limited knowledge among managers about needs and regulations, but also the fact that correct and formal risk assessments are considered too expensive. Even if investment in technical terms is very effective, is it very often so that the potential effect on hazard reduction depends on an interplay between the user and technology. This is typically the case with, for example, welding exhausts and ergonomic aids. A possible effect typically depends on the quality of the equipment, in combination with knowledge in effective use and motivation for usage. Motivation, in this case, clearly depends on to what extent the worker has been involved in the process [32] . Positive results can occur when employees with experience from current work are involved in the design process, where new solutions are developed to ensure a healthier and safer work environment [33] .
A successful result of an investment for the creation of a good and healthy workplace also depends on the fact that necessary knowledge about the pre-requisites is in place. This is often not available within the organization and, therefore, managers often trust in suppliers and their knowledge. However, it is mandatory to consult OHS expertise when knowledge within the company is not enough [5] . Yet, several of the included cases did not choose to consult with the OHS in the process. Through long-term cooperation with the OHS, their expertise can be effectively renewed when planning work environment investments [10] . This is an expertise that often is missing among many smaller companies in Sweden, and also by most of the investigated workplaces in this study. An explanation for not using OHS expertise could be the fact that many SMEs have limited (economical) resources, as is the case especially with smaller SMEs [34] .
Failure in the procurement and delivery phase is very much related, depending on the lack of risk assessments and definitions of desired goals for the investment. In none of the cases studied was a clear demand on expected work environment effects included in the contract, due to lack of expertise knowledge. Without a clear description of the work situation before the procurement and the change process, definitions of any expected effect will be non-existent or unclear. However, the procurement usually lacks information about effective use of hazard control, since this falls outside the agreement.
Regarding training, this should have an engaging and participating approach, in order to increase knowledge and change behaviors to enable workers to conduct the work safely [35] . Furthermore, businesses become more effective when the organization invests in training of the workers [36] . However, in the reported empirical cases, comprehensive and participating training was not prioritized, except for one case that explicitly focused on such a training structure to increase knowledge. By using the PIMEX method, it became possible to show the effect of training. In the five cases where the method could be used optimally to visualize how work environment investment could be adapted to work and best work practice, exposure levels for the workers decreased by more than 80 percent, in relation to the situation after the investment, but with limited or no training aimed at effective use.
In addition, without quantified risk assessment in how the situation was before the change, it is almost impossible to evaluate the after-effect. In most reported cases, the responsible managers were unable to clarify if the intended results were achieved, which implies that they could not see if the potential effect of the investment was realized because of lack of knowledge regarding evaluations. The managers and the employees often perceived an improvement resulting from the investment, which satisfied them, and, therefore, they did not conduct a formal evaluation. However, employees and managers subjectively perceived that improvements shown have not been enough [2] , and to create a safer work environment actions need to be taken based on the results of a formal evaluation [4] .
Methodological considerations and further research
The twelve included work environment investment cases are from different industrial sectors -including different types of organizations -and cover a range of different OHS issues. Several methods were used to analyze the investment process and outcomes, which provided a richness of data [24] . Yet, it should be noted that the cases provided different opportunities for combining some of the included methods, in particular, observations through the PIMEX-method. Since the PIMEX-method in this project focused on air contaminants and physical hazards, such as noise and vibration, the method could only be used in eight out of twelve cases. The other cases, which focused on investments in musculoskeletal ergonomics and protection improvement, measures were, therefore, more dependent on the interviews conducted to analyze the importance of, for instance, training.
This study also revealed a lack of proper documentation of the investment process, in several of the organizations studied. Approximately half of the organizations had formal documentation of the investment process available, and even fewer (two organizations) had made legally required risk assessments before deciding on the investment. This indicates that investments in the work environment, by the studied Swedish companies, are often not based on thorough and proper analysis or procurement considerations.
Studies have found that work environment investment can be highly optimized in terms of OHS effects [2] . This study confirms these results, but also highlights the importance of focusing on the whole investment process, which, in this study, emerged in seven critical elements. Further research could therefore focus on an in-depth study of managers' perceptions regarding a systematic approach to investment processes, and the implementation of the above presented model. In addition, further research could investigate managers' and safety representa-tives' competencies in the different steps of work environment investments.
Conclusions
In conclusion, the identified organizational critical elements in this study are consistent with ideas outlined by SWEM, and the Plan-Do-Check-Act model. If organizations follow this process, it provides improved possibilities for maximizing effective use of invested money, thus leading to a safer working environment. The critical elements where the organizations showed most shortcomings are: legally required risk assessment, consulting with external expertise, safety training, and evaluation of the investment. This study also reveals that many organizations do not follow Swedish legislation regarding SWEM when investments are made aiming at improved OHS.
